Summary. TWo series of nonisothermal experiments are reported in this paper. Lower temperature gradients and higher cool side moisture contents were used in these experiments than in earlier studies by the same authors. Nineteen steps were analyzed by the chemical potential and activated moisture content models.
Introduction
This is the third of a series of papers (Siau et al. 1986; Avramidis et al. 1987) reporting on experiments in nonisothermal diffusion of moisture in the radial direction of a softwood. Two series of experiments with cool side temperature of 37 ~ were completed, resulting in nineteen experimental steps. Activation energies and differential heats of sorption used in the analysis were obtained from separate sorption studies on specimens matched to those used in the nonisothermal experiments. Additionally, moisture contents were calculated based on sorption isotherms also obtained from these matched specimens.
Procedure and results
The experimental procedure, and equations used are described in the first paper of this series (Siau et al. 1986 ).
The two series in this investigation were designated D and E. The warm side temperature (Tw) was 70 ~ as in the previous series but the cool side temperature (Tc) was increased from 29 ~ to 37 ~ qhis was achieved by increasing the temperature of the room where the conditioning chambers were located. The diffusion cup temperature (Tcup) was also increased, from 20 ~ to 23 ~ and 29 ~ in series D and E, respectively.
The cool side and cup temperature increases in series D resulted in a cool side relative humidity (He) ranging between 43.1 and 47%. Moisture content (Me) and partial vapor pressure (Pc) were between 5.24 and 5.65%, and 2.005 and 2.269 cm * This research was supported by the National Science Foundation The warm side relative humidity (Hw) in series D ranged from 11.0 to 47.1% in eight steps, whereas in series E, it was from 8.7 to 57.0% in eleven steps. Table 1 shows the experimental values of the temperature, relative humidity, moisture content, and partial vapor pressure, as well as the experimental flux (Jcxp) and those calculated from the activated moisture (Jm*) and chemical potential (J~) equations. Warm side moisture content was always lower than that of the cool side in all steps. If Fick's first law based on a moisture-content gradient had been used for the analysis of the data, the calculated flux would always had been positive. On the other hand, the partial vapor pressure of the warm side was always higher than that of the cool side. Fick's first law based on a partial vapor gradient as the driving force for diffusion, would have predicted a negative flux (from warm to cool side) in all steps. It is obvious from the above that Fick's first law in its isothermal form fails to describe moisture diffusion under non_isothermal conditions. Figure 1 shows plots of the change of cup weight against time. These plots correspond to the steady-state experimental portion. Each step required from 3 to 5 weeks. A negative slope means that the cup is losing weight and that moisture migrates from the cool to the warm side corresponding to positive flux, Flux reversal occurred between steps 4 and 5 in the D series and between 5 and 6 in the E series. Figure 2 shows the experimental fluxes for both series plotted against the warm side moisture content. The shift to more positive fluxes as Tcu p increased is evident. Mw~ ,,,,,.. Both equations tailed to predict experimental fluxes at high negative fluxes. This may be due to the fact that the derivation of the equations assumed that the resistance to diffusion was only due to that of the specimen while the surface resistance was neglected in Lhe derivation. Figure 5 shows a plot of the moisture profiles predicted by both equations. In all cases, the EMC predicted by the activated moisture equation was higher than that predicted by the chemical potential one. It also shows that initially at low Hw, the curves are concave upwards whereas at high H w they became concave downward.
Conclusions
The chemical potential equation predicted fluxes of more positive value compared to those predicted by the activated moisture equation. The former gave better fit to the experimental fluxes in series D, the opposite being krue in series E. Both equations gave poor agreement at high negative fhLxes, possibly because they do not take into consideration the surface resistance due to the boundary layer.
